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Claims 

1 . A hydrophilized polyolefm porous film characterized by the following facts: the 
porous fihn is made of a polyolefin resin; in the structure viewed from the cross section of the 
porous film with an average pore size in the range of 0.05-5 [un and a porosity of 50-85%, 
elliptical pores are layered randomly, and the number of layered elliptical pores present on the 
cross section in parallel with the maximum strength direction (layer density in the thickness 
direction) is 20 or more; the inner surfaces of the pores of the porous film are covered by a 
surfactant. 

2. The hydrophilized polyolefin porous film described in Claim 1 characterized by the 
fact that the surfactant is at least one type selected fiT)m polyoxyethylene alkyl ethers, 
polyoxyethylene alkylphenol ethers, fatty acid monoglycerides, and aliphatic amine salts. 

3. A separator for batteries made of the hydrophilized polyolefin porous film described in 
Claim 1. 

Detailed explanation of the invention 
hidustrial application field 

The present invention pertains to a hydrophilized polyolefin porous film which can be 
used as a separator for electrolytic capacitors, electric double-layer capacitors, Li batteries, etc., 
and to a separator for batteries using the aforementioned porous film. 

Prior art 

Examples of hydrophilized porous fibns include the hydrophobic porous (polyolefin) film 
hydrophilized by covering part of or the entire inner surface of the pores of the hydrophobic film 
with polyethylene glycol (Japanese Kokai Patent AppKcation No. 59[1974]-24732) and the 
hydrophilized hydrophobic film with a porosity in the range of 20^90 voI% and having at least 
part of the surfaces of the pores covered by a propylene glycol mono fatty acid ester (Japanese 
Kokai Patent Application No. 61[1986]-71803). 

Problems to be solved by the invention 

It is conventionally preferred to use a solvent with a high boiling point, such as propylene 
carbonate, y-butyrolactone, or sulfolane, as the electrolyte of electrolytic capacitors and Li 
batteries. These solvents with a high boiling point, however have a surface tension as high as 
30-40 dyne/cm. Therefore, the conventional hydrophilized porous films have poor wettability 
(impregnability) with respect to such electrolyte. Also, since the electrolyte retaining property is 
poor, the equivalent serial resistance (ESR) becomes high. In addition, since the coating film 
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adhesion between the surfactant and the porous film is poor, the surfactant tends to enter the 
electrolyte to diminish the hydrophilization effect. 

The purpose of the present invention is to solve the aforementioned problems by 
providing a hydrophilized polyolefin porous film which can display excellent wettablity with 
respect to electrolyte as well as excellent electrolyte retaining property when used as a separator 
for batteries and has strong coating film adhesion so that it is difficult for the surfactant to enter 
the electrolyte. 

Means to solve the problems 

In order to realize the aforementioned purpose, the present invention provides a 
hydrophilized polyolefin porous film characterized by the following facts: the porous film is 
made of a polyolefin resin; in the structure viewed fi-om the cross section of the porous film with 
an average pore size in the range of 0.05-5 pm and a porosity of 50-85%, elliptical pores are 
layered randomly, and the number of layered elliptical pores present on the cross section in 
parallel with the maximum strength direction (layer density in the thickness direction) is 20 or 
more; the inner surfaces of the pores of the porous film are covered by a surfactant. The present 
invention also provides a separator for battoies made of the aforementioned porous film. 

The polyolefin resin used in the present invention is the polymer or copolymer of 
ethylene, proplylene, butene-1 , methylbutene, methylpentene, or other a-olefins. Among them, it 
is preferred to use a homopolymer with excellent crystallinity and high stereoregularity. 
However, if necessary, it is also possible to graft polar monomers in order to improve the 
electrolyte impregnability. 

The melting point of the polyolefin is preferably 130°C or higher in consideration of the 
heat in the soldering or manufacturing process of an elemoit. The more preferable melting point 
of the polyolefin of 1 SOX allows a virtually problan-fi-ee, normal processing. When the glass 
transition temperature (Tg) of the resin is lO'C or lower, cracking at low temperatures will be 
reduced. Therefore, polypropylene is preferred among the polyolefin resins. It is particularly 
preferred to use polypropylene with an intrinsic viscosity [r\] in the range of 1.5-3.5 dL/g, more 
preferably, in the range of 2.1-3.3, most preferably, in the range of 2.1-3.0 and having an 
isotactic index of 93% or higher for its excellent solvent resistance and mechanical properties. 

The average pore size of the hydrophilized porous film disclosed in the present invention 
should be in the range of 0.05-5 pm, preferably, in the range of 0. 1 -3 pm. 

If the average pore size is too small, the ESR change rate will increase due to the 
viscosity of the electrolyte. For example, when the viscosity of the electrolyte rises due to the 
change-over time (so-called dry-up), the ESR will increase significantly to cause problems in 
use. On the other hand, if the average pore size is too large, movement of fine electroconductive 
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substances cannot be prevented. As a result, the leakage current will increase, or short circuits 
will occur. 

The porosity of the porous film disclosed in the present invention should be in the range 
of 50-85%, preferably, in the range of 60-75%. If the porosity is lower than 50%, since the 
amount of retained electrolyte is not sufficient, the ESR will increase due to dry-up. On the other 
hand, if the porosity is higher than 85%, the mechanical characteristics will be degraded. The 
frequency of occurrence of pinholes caused by foreign substances will increase, and the 
possibility of short circuiting also increases. 

In the structure viewed from the cross section of the porous film disclosed in the present 
invention, elliptical pores are layered randomly, and the number of layered elliptical pores 
present on the cross section in parallel with the maximum strength direction (layer density in the 
thickness direction) must be 20 or more, preferably, in the range of 25-50. If the layer density in 
the thickness direction is less than 20, since the amount of retained electrolyte is not sufficient, 
the ESR will increase due to dry-up. Oh the other hand, if there is no special limitation on the 
upper limit of the layer density in the thickness direction, the mechanical characteristics will be 
degraded significantly, and the possibility of short circuiting will increase when the 
aforementioned density is more than 250. 

If the elliptical pores (empty pores) are layered randomly in the structure viewed from the 
cross section of the porous film, they can be covered in a wandering fashion when the film is 
immersed in the surfactant. Since the pores are layered in the thickness direction, an excellent 
coating film adhesion to the base material (durability) can be realized. 

In the present invention, the surfactant used for hydrophilizing the aforementioned porous 
film by being coated on the inner surfaces of the pores of the porous film can be a nonionic 
surfactant or a cationic surfactant. The nonionic surfactant is preferred in consideration of its 
electrical characteristics. Among the nonionic surfactants, polyoxyethylene alkyl ethers, 
polyoxyethylene alkylphenol ethers, and fatty acid monoglycerides are particularly preferred 
because they have good adhesion to the base material of the porous fihn and affinity 
(impregnability) with respect to electrolyte and have no adverse effect on the battery's 
performance. In this case, the number of additional moles of polyoxyethylene is preferably in the 
range of 4-40. Hexyl groups having 6 carbon atoms or dodecyl groups having 12 carbon atoms 
are preferably used as the alkyl group in consideration of the adhesivity, affinity 
(impregnability), and handling property. Also, stearic acid having 18 atom carbons or erucic acid 
having 22 carbon numbers is preferably used as the fatty acid for the fatty acid monoglyceride 
due to the reason described above. 

Among the cationic surfactants, aliphatic amine salts are preferred. The diethanolamine 
of lauric acid or oleic acid is particularly preferred in consideration of the adhesivity, affinity. 



stability, and handling property. The aforementioned surfactants can be used either alone or as a 
mixture of several types. 

In the present invention, in order to hydrophilize the porous film by coating a surfactant 
on the inner surface of the pores of the porous film, the surfactant is first dissolved in an orgam'c 
solvent. It is preferred to use an organic solvent with a low boiling point, such as methanol, 
ethanol, ethyl acetate, methyl ethyl ketone, etc. The aforementioned porous film can be 
immersed in this solution, or the solution can be coated or sprayed on the porous film. Then, the 
porous film is dried under heating at a temperature (conventionally around lOOX), at which the 
solvent can be evaporated. 

After the surfactant is immersed, sprayed, or coated, the porous film can also be stretched 
monoaxially, biaxially, or multiaxially. The amount of surfactant attached to the porous film 
(weight base) is conventionally in the range of 2-30%, preferably, in the range of 7-20%. If the 
amount of surfactant is too small, the hydrophilization effect will not be increased to a certain 
level. On the other hand, if the amount of surfactant is too large, the pores may be blocked. 

The liquid paraffin passing time of the hydrophilized porous film disclosed in the present 
invention is preferably 5 sec or less, more preferably, in the range of 0.5-3 sec so that both good 
ESR and mechanical characteristics can be obtained. 

The rupture strength of the porous film of the present invention in the length direction is 
preferably 1 .5 kg/1 5 mm or higher, more preferably, 1 .8 kg/1 5 mm or higher so that good 
element [illegible; possibly, flexibility] can be realized. 

When used as a separator, the thickness of the porous film of the present invention is 
preferably less than 50 \xm, more preferably, in the range of 10-40 pm so that good electric 
characteristics and mechanical characteristics can be obtained. 

Also, when the heat shrinkability at 120°C of the porous film of the present invention is 
less than 9%, especially, less than 7%, deterioration of the electric characteristics over time 
caused by seaming of the element can be prevented. 

The method to be described below is the most preferred method for manufacturing the 
hydrophilized porous film of the present invention. It, however, is not the only choice. 

First, the polyolefin porous fihn can be manufactured as follows. 80-240 parts by weight, 
preferably, 100-200 parts by weight of a phthalate, phosphate or other organic solid used as a 
plasticizer for vinyl chloride, such as dicyclohexyl phthalate (DCHP) or triphenyl phosphate 
(PP), are added to 100 parts by weight of a polyolefin resin. After the mixture is melt-extruded, a 
good solvent for the organic solid, such as trichloromethane, trichloroethane, acetone, methyl 
ethyl ketone, ethyl acetate, methanol, toluene, or xylene, is used to extract 95% or more, 
preferably, 98% or more of the aforementioned organic solid. 
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In this case, in order to randomly layer elliptical holes in the structure viewed from the 
cross section of the porous film and to have 20 or more layered elliptical pores on the cross 
section, the melt-extrusion temperature is lowered to about 210**C. When Ae mixture is molded 
into a film shape or tube shape, it is drawn at a draA ratio of 6 or higher, preferably, 8 or higher 
and is cooled for solidification and wound at a tonperature higher than the melting point of the 
organic solid but lower than the melt crystallization temperature of thepolyolefin resin. Then, a 
roll type stretcher or a stenter type stretcher is used to stretch the film 1 .5-8 times at least 
monoaxially at a temperature higher than the glass transition temperature of the polyolefin but 
lower than the melting point - 1 0*C. In this way, the porous film of the present invention can be 
obtained. The porous film is inmiersed in a solution prepared by dissolving a surfactant in an 
organic solvent, followed by drying. As a result, the hydrophilized porous film of the present 
invention is obtained. 

The porous film manufactured in this way can display excellent characteristics when used 
as a separator for batteries. Also, since the porous fihn of the present invention has a uniform 
pore size and excellent mechanical characteristics, it can also be used as an excellent microfilter. 

Effects of the invention 

According to the present invention, when a polyolefin porous fihn with specified average 
pore size, porosity, and layer density in the thickness direction is immersed in a surfactant to coat 
the surfactant on the inner surfaces of the pores, a porous film with excellent wettability with 
respect to electrolyte and excellent electrolyte retaining property as well as excellent coating film 
adhesivity (durability) can be obtained. When this porous fihn is used as a separator for batteries, 
excellent electrolyte impregnability and retaining property can be obtained, and the change in the 
electric characteristics over time can be reduced. 

[Characteristic evaluation methods and effect evaluation methods] 

In the following, the measurement methods and the evaluation methods used in the 
present invention will be described. 

(1) Average pore size 

The major and minor axes of the pore size are measured by observing the surface of a 
sample with a scanning electron microscope (SEM). The combined average of the average major 
axis and the average minor axis is taken as the average pore size. In this case, if a fibrillar 
substance (single or multiple types) is present inside the empty pores, it is excluded from the 
measurement of the average pore size. 
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(2) Porosity (Pr) 

A sample (10x10 cm) is immersed in liquid paraffin for 24 h. After the liquid paraffin on 
the surface layer is thoroughly wiped off, the weight (W2) is measured. The empty pore's volume 
(Vo) is derived from the weight (Wi) of the sample before it is immersed in liquid paraffin and 
the density (p) of the liquid paraffin as follows. 
Vo=(W2-W,)/p 

The porosity (Pr) is calculated from the apparent volume (a value calculated from the 
thickness and size) V and empty pore*s volume Vo- 
Pr = VoA^xlOO(%) 

(3) Layer density in the thickness direction 

A sample is frozen at the temperature of liquid nitrogen. A cross section is cut out with a 
microtome along the maximimi strength direction. The observation image of the cross section is 
taken using a scanning electronic microscope (SEM). The brightness and shade (or strength) 
information of the image is obtained from the observation image at a specific resolution of 
0.01-0.03 \im alogn the thickness direction. The power spectrum is derived by means of 
high-speed Fourier transform (FFT). The wave number [main wave number (pm"')] at the 
maximimi peak of the spectrum (excluding the DC component) is derived. The layer density in 
the thickness direction at that observation spot is derived as (thickness at the observation spot 
(pm)) X (the main wave number (pm"')). The aforementioned operation is repeated at least 5 
times at any measurement spot, and the average is calculated as the layer density in the thickness 
direction of that sample. The measurement can be facilitated if the SEM magnification rate is in 
the range of 3000-10,000. 

Reference: "Use of FFT' Published by Sanho, 1981. 

(4) Evaluation of hydrophilization 

(a) Wetting index (dyne/cm) 

The wetting index was measured according to JIS K6782. 

(b) Wettability with respect to water 

After a sample was maintained at an atmospheric temperature of 25*'C for 24 h, the 
sample was placed on a horizontal surface, and distilled water was dropped from a height of 
5-20 mm above the sample. The period from the time when the distilled water contacted the 
surface of the sample to the time when the water praetrated through the surface of the sample to 
wet the opposite side was measured and graded as follows. 
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Judgment 

®: Instantaneous (shorter than O.S sec) 
O: Longer than 0.5 sec but shorter than 1 .0 sec 
A: Longer than 1 .0 sec but shorter than 5.0 sec 
x: Longer than 5.0 sec 
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(c) Wettability with respect to Y-butyrolactone 

This property was evaluated in the same way as described in (b) except that 
Y-butyroIactone was used instead of distilled water. 

(5) Durability of hydrophilization (coating film adhesion) 

After a sample was treated in boiling water for 1 0 h and then dried, the wettabiltiy was 
evaluated in the same way as described in (b) of (4). 

(6) Liquid paraffin penetration time 

A liquid paraffin with a viscosity of 77±1 cSt at 37.8*C as specified in JIS K9003 was 
used. After the liquid paraffin and a sample were maintained at an atmospheric temperature of 
25'*C for 24 h, the sample was placed on a horizontal surface, and 0.03-0.06 g of the hquid 
paraffin was allowed to drop naturally firom a height of 5-20 mm above the sample. 

The period &om the time when the liquid paraffin contacted the surface of the sample to 
the time when the liquid paraffin penetrated through the surface of the sample to wet the opposite 
side was measured as the liquid paraffin penetration time (sec). 

(7) ESR (equivalent serial resistance) 

An electrolyte of 3.1 mS/cm was prepared by dissolving triethylamine and phthalic acid 
in y-butyrolactone as described in Japanese Kokai Patent Application No. Sho 61 [1986J-1 87221 . 
The DC resistance component of the porous fihn at 1 kHZ in this electrolyte was measured as the 
ESR(Q). 

In this case, the value (2.0 Q) of an electrolytic capacitor paper (Manila Paper MER 2.5 
50) used as a comparative sample was used as the reference. 1 .7 Q or lower was graded as O, 
1 .8-2.2 a was graded as A, and 2.3 Q or higher was graded as x. 

The measurement conditions were as follows. 

(a) Electrode: Platinum electrode (25 mm square) 

Measurement load: 240 g 

(b) Impedance measurement device: 

AG-43 1 1 LCR Meter (product of Ando Denki K JC.) 
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Measurement condition: 1 kHz, 5 V range 
Application examples 

In the following, the present invention will be explained in more detail with reference to 
application examples. 

Application Example 1 

100 parts by weight of a polypropylene powder (product of Mitsui Toatsu Chemicals, 
Inc., JS type, [ti]=2.4 dl/g, 11=97.5%) used as polyolefin resin and 120 parts by weight of 
dicyclohexyl phthalate (DCHP, product of Osaka Organic Chemical Industries, Co., Ltd.) were 
melt-blended and pelletized using a biaxial extruder. Then, the obtained pellets were 
melt-extruded from a T-die at 210'*C using a 40-nun extruder, followed by being fed into a 70**C 
water tank at a draft ratio (linear gap of the T-die/thickness of the cast film) of 7 for cooling and 
solidification. As a result, a cast film was obtained. The thickness of the obtained film was 
80 \mi. 

Then, the cast film was fed into a 45°C 1-1-1-trichloroethane extraction tank, where more 
than 99% of the added DCH was eliminated. 

Subsequently, a roll stretching apparatus was used to stretch the fibn 3.5 times in the 
laigth direction at 120*'C. The fibn was then stretched 1 .4 times in the width direction using a 
stenter, followed by 12 sec of thermal fixing at 145^C. The film was then immersed in a 3% 
ethanol solution of polyoxyethylenenonyl phenyl ether ("Nonypol" 95, product of Sanyo 
Chemical Industries Ltd.) for 5 sec, followed by 2 min of drying at 1 OO'^C. 

As shown in Table 1, the film manufactured in this way has excellent hydrophilicity, 
electrolyte wettability, and hydrophilization durability as well as low ESR and little change in 
ESR in high-t^perature y-butyrolactone. The film shows excellent characteristics when used as 
a battery separator. 

Application Example 2 

A cast film was manufactured in the same way as described in Application Example 1, 
and extraction was carried out in the same way to remove more than 99% of the added DCHP. 
The film was stretched 2.7 times in the length direction at 125*'C using a roll stretching 
apparatus. Then, the film was stretched 1.3 times in the width direction using a stenter, followed 
by 12 sec of thermal fixing at HO'^C. Also, a mixture consisting of 2 parts of polyoxyethylene 
alkyl ether ("Emulsion" 70, product of Sanyo Chemical Industries Ltd.) used as surfactant and 
1 part of diethanolamine laurate used as the fatty acid amine was dissolved in ethanol to obtain a 
3% solution. The aforementioned film was immersed in this solution for 5 sec, followed by 



2 min of drying performed at 100°C. 

As shown in Table 1, the film manufactured in this way has excellent hydrophilicity, 
electrolyte wettability, and hydrophilization durability. Like the film obtained in Application 
Example 1, this fibn can display excellent electric characteristics and reliability when used as a 
separator. 

A pplication Example 3 

100 parts by weight of high-density polyethylene (product of Mitsui Petrochemical Co., 
Ltd., "Hl-Zex" 3300] used as polyolefin resin and 1 10 parts by weight of dicyclohexyl phthalate 
were melt-blended and pelletized. The obtained pellets were extruded fi"om a T-die at 220**C 
using a 40-mm extruder, followed by being fed into a 65*^0 water tank at a draft ratio of 9 for 
cooling and solidification. As a result, a nonstretched sheet was obtained. The thickness of the 
obtained sheet was 60 pm. Then, the sheet was fed into a 45**C 1-1 -l-trichloroethane extraction 
tank, where more than 99% of the additive was eliminated. Subsequently, a roll stretching 
apparatus was used to stretch the sheet 2.5 times in the length direction at 120**C, followed by 
themial fixing at 123*'C. The film was then immersed in a 3% ethanol solution of a mixture 
consisting of 2 parts of polyoxyethylenenonyl phenyl ether and 1 part of monoglyceride stearate 
for 5 sec, followed by 2 min of drying at lOO^'C. 

The evaluation results of the obtained hydrophilized porous film are listed in Table 1 . 
This film has excellent hydrophilicity, electric characteristics, and reliability like the film 
obtained in Application Example L 

Comparative Examples K 2, 3 

Porous films were manufactured in the same way as in Application Examples 1, 2, and 3 
except for omitting the surfactant treatment used in Application Examples 1, 2, and 3. The 
characteristics of the fibns are listed in Table 1 . All of these fibns have low wetting tension. 
Wetting of water and y-butyrolactone are poor, and the ESR is large. 

Comparative Example 4 

A 30-pm-thick film was manufacturing using the same raw material composition as well 
as the same extruding and casting apparatuses used in Application Example 1. 

Then, the film was fed to a 45^C 1-1-1-trichloroethane extraction machine, where more 
than 99% of the additive DCHP was removed. Then, the film was immersed in a surfactant and 
dried in the same way as described in Application Example 1 . 
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The characteristics of this porous fihn are listed in Table 1 . When the average porosity is 
small, wetting of water and y-butyrolactone becomes poor. The ESR drops after immersing in 
y-butyrolactone at IOO"C. The long-term reliability is poor. 

Comparative Example 5 

Polypropylene with [r|]=l .9 was used as the polyolefm resin, and water-tank casting 
(70°C) was performed at a draft ratio of 5 to obtain a 20-^m-thick film from a nozzle set to 
210'C. After the film was annealed at 130"*C for 5 min, it was stretched 1 .75 times at a stretching 
rate of lOOX/min at 95*C, followed by 3 min of annealing at 135**C: As a result, a porous film 
was obtained. The film was hydrophilized using a surfactant in the same way as described in 
Application Example 1. The characteristics of the obtained film are listed in Table 1. The film 
has a small average pore size and low empty pore rate as well as poor hydrophilization durability 
and long-term reliability of ESR. 
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* 1 Polypropylene 

*2 High-density polyethylene 

*3 Value after immersed in lOO^'C y-butyrolactone for 8 h 

Key: 1 Application Example 

2 Comparative Example 

3 Base material 

4 Average pore size 

5 Empty pore rate 

6 Layer density in the thickness direction 

7 Hydrophilization evaluation 

8 Wetting index 

9 Wettability with respect to water 



12 



1 0 Wettability with respect to y-butyrolactone 

1 1 Hydrophilization durability 

1 2 Liquid paraffin penetration time 

13 Before immersion 

1 4 A Aer immersion 

Brief description of the figures 

Figure 1 shows the crystalline structure on the surface of the hydrophilized polyolefin 
porous film of the present invention under observation by a scanning electron microscope (total 
magnification: 10,000). 

Figure 2 shows the crystalline structure of the cross section (total magnification: 10,000). 




Figure 2 
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Abstract 



''"P'Sy* wetting property to ttie electrolyte, the holding capacity of the electrolyte, and 
the adhesive property of the spread film, by specifying the mean pore diameter, the porousness rate 
and the dens^ of layer In the thickness direction, of a polyolefin micropoioue membrane, and soakina it 
II a surface active agent to cover its inner surfece. 

CONSTITUTiON:A microporous membrane which consists of a polyolefin resin, with the mean bore 0 OS 
to 5mum, me porousness rate 50 to 85 %. with a structure obsen^ed from the section in wnich oval holes 
are lanrunatoJ at random, and with the laminated layer numbers (thiclcness direction density) of the oval 
holes found in the parallel sections in the largest strength direction, 20 or more, is used The inner 
surface oi \ha micropores of the miaoporous membrane are covered with a surfece acBve aaent to 
make into a hydrofilte suifalce. Consequently, a hydrophilie polyolefin microporous membrane of a oood 
w^dng propany. an ^ceilent electrolyte hoUing capacity, and a strong spread film adhesive oroowtv 
can be oinalned. r j 
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